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(54) Method of dressing polishing pad and polishing apparatus

(57) A method to quantitatively detect an optimum
endpoint of dressing of a polishing pad (11) with a non-
destructive monitoring of a surface of the polishing pad
(11) is offered. The polishing pad (11) is dressed for a
predetermined period, and roughness of the surface of
the polishing pad (11) is measured with an optical meas-
urement device (20) made of a laser focus displacement
meter. Then a characteristic curve representing a cor-

relation between surface roughness of the polishing pad
(11) and dressing time is obtained. A gradient of the sur-
face roughness versus dressing time characteristic
curve is obtained. Dressing is stopped when the gradi-
ent reaches a predetermined value of gradient. These
steps are repeated until the gradient of the surface
roughness versus dressing time characteristic curve
reaches the predetermined value of gradient.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to a dressing method of
a polishing pad used in CMP (Chemical Mechanical Pol-
ishing) and apparatus designed for such a method, spe-
cifically to a detection method of an endpoint of dressing
and an apparatus implementing the detection method.

Description of the Related Art

[0002] The CMP has been known as a polishing tech-
nology used in planarization of a semiconductor wafer.
The CMP is a polishing method using a slurry of abra-
sives and chemical solution in order to avoid damage to
the wafer due to mechanical polishing.
[0003] A wafer is polished in CMP by rotating a pol-
ishing table with a polishing pad mounted on it and ro-
tating the wafer while pressing the wafer to the polishing
pad.
[0004] As the number of wafers polished increases, it
becomes increasingly difficult for the polishing pad to
hold the abrasives on it, because projections and de-
pressions on a surface of the polishing pad decrease
and polishing debris goes into the projections and de-
pressions. As a result, the polishing rate in polishing the
next wafer is reduced, leading to deterioration in uni-
formity of a surface of the wafer.
[0005] Thus, a dressing is applied to the polishing pad
in order to recover the projections and depressions on
the surface of the polishing pad to a predetermined
roughness. Dressing is performed by rotating the pol-
ishing table with the polishing pad mounted on it and
rotating a dresser having abrasive grains of diamond
while pressing the dresser to the polishing pad. The
dressing is used to be performed longer than the mini-
mum time necessary to regenerate the projections and
depressions on the surface of the polishing pad in order
to avoid insufficient dressing. Applying such excessive
dressing has made the life of the polishing pad shorter
than expected.
[0006] In order to avoid excessive dressing, an opti-
mum endpoint of the dressing has been determined by
monitoring the surface conditions of the polishing pad.
[0007] Some methods to monitor the surface of the
polishing pad are described below, for example. One
method is contact type surface displacement measure-
ment. This measurement is performed by touching the
surface of the polishing pad by a contact sensor capable
of detecting the projections and depressions on the sur-
face of the polishing pad. Another method is a destruc-
tive inspection performed by cutting a portion of the pol-
ishing pad. In the destructive inspection, a surface con-
dition of the cut-out portion of the polishing pad is in-
spected with a SEM (Scanning Electron Microscope) or

the like.
[0008] Further details may be found in Japanese pat-
ent No. 2851839 and Japanese Patent Application Pub-
lication No. 2003-100683.
[0009] In the conventional contact type surface dis-
placement measurement of the polishing pad, however,
there is a problem that the surface of the polishing pad
is damaged. Also, with the destructive inspection per-
formed by cutting a portion of the polishing pad and in-
specting it with SEM, the need for replacing the polishing
pad with new one after the inspection increases a cost
of dressing and consumes time to replace the polishing
pad.
[0010] Thus, it is an object of this invention to offer a
method to quantitatively detect an optimum endpoint of
dressing with non-destructive monitoring of the polish-
ing pad.

SUMMARY OF THE INVENTION

[0011] The solution according to the invention lies in
the features of the independent claims and preferably
in those of the dependent claims.
[0012] This invention is directed to a dressing method
of a polishing pad in which roughness of the surface of
the polishing pad is measured with an optical measure-
ment device after dressing the polishing pad for a pre-
determined period of time (dressing time). This proce-
dure is repeated and the dressing is terminated when a
gradient of a characteristic curve of a surface roughness
of the polishing pad against the dressing time reaches
a predetermined value of gradient.
[0013] An apparatus of this invention includes a
chemical mechanical polishing equipment including a
polishing table, a polishing pad mounted on the polish-
ing table, a dresser to dress the polishing pad, an optical
measurement device to measure the roughness of the
surface of the polishing pad and a shifter to carry the
optical measurement device to a predetermined loca-
tion on the polishing pad.
[0014] Since the optimum dressing time can be deter-
mined based on the results of measurement of the
roughness of the surface, the dressing can be complet-
ed in as short period of time as possible. The cost of
dressing can be reduced since the life of the polishing
pad can be extended with this method.
[0015] Furthermore, the number of samples meas-
ured can be increased, since the CMP equipment of this
embodiment is provided with the optical measurement
device capable of measuring the roughness of the sur-
face at any location on the polishing pad. The precision
of measurement in monitoring the polishing pad can be
enhanced.

1 2



EP 1 516 700 A2

3

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figs. 1A and 1B show CMP equipment according
to an embodiment of this invention.

Figs. 2A and 2B show results of the measurements
of roughness of a surface of a portion of a polishing
pad before and after dressing using the equipment
of Figs. 1A and 1B.

Fig. 3 shows a correlation between the surface
roughness and the dressing time.

Fig. 4 shows correlations between characteristics
in polishing a semiconductor wafer (polishing rate
and uniformity within a surface of the wafer) and the
dressing time.

Fig. 5 shows a correlation between the uniformity
within the surface of the wafer and the surface
roughness.

Fig. 6 is a flow chart showing a method to detect an
endpoint of dressing.

DETAILED DESCRIPTION OF THE INVENTION

[0017] An embodiment of this invention will be de-
scribed, referring to the drawings. Figs. 1A and 1B show
a structure of CMP equipment according to the embod-
iment.
[0018] Fig. 1A is an outline oblique perspective view
of the CMP equipment according to the embodiment. A
circular polishing pad 11 is mounted on a rotating pol-
ishing table 10, as shown in Fig. 1A. A dresser 12 to
dress the polishing pad 11 is provided on the polishing
pad 11. A "dressing" is a process to form projections and
depressions of predetermined roughness of the surface
of the polishing pad 11. The dresser 12 rotates during
dressing while it is pressed against the polishing pad 11.
The dresser 12 is released from the polishing pad 11 in
a period during which dressing is not performed.
[0019] And an optical measurement device 20 capa-
ble of measuring height of the projections and depres-
sions on the surface of the polishing pad 11 (hereafter
referred to as roughness of the surface) is provided over
the polishing pad 11. The optical measurement device
20 is mounted on a shifter 30 placed parallel to the sur-
face of the polishing pad 11 and is facing to the polishing
pad 11. The shifter 30 can carry the optical measure-
ment device 20 along a subtense (a line connecting two
points on a circumference of a circle) on the polishing
pad 11. The device 20 can also move in the direction
normal to the subtense. For example, the shifter 30 itself
moves to a location above a subtense that includes a
predetermined portion of the polishing pad 11, and then

moves the optical measurement device 20 along a lon-
gitudinal direction of the shifter 30 to the predetermined
location of the subtense. Or, the shifter 30 may be fixed
to a predetermined position and carry the optical meas-
urement device 20 along the longitudinal direction of the
shifter 30 to the predetermined location of the subtense.
When the shifter 30 is stationary, however, it is neces-
sary to rotate the polishing table 10 over a predeter-
mined range of angle in order that the location of the
polishing pad 11 can be measured.
[0020] After being carried to the predetermined loca-
tion on the polishing pad 11, the optical measurement
device 20 measures the roughness of the surface while
it scans a predetermined small section (hereafter re-
ferred to as a scanning section) around the location. The
scanning section may be 10 to 20 mm long, for example.
However, it is not limited to this distance and may be
smaller or larger. The optical measurement device 20
moves in the direction normal to the longitudinal direc-
tion of the shifter 30 for example, to make the scanning
in the measurement.
[0021] In the measurement of the roughness of the
surface, the optical measurement device 20 is a laser
focus displacement meter, for example. The laser focus
displacement meter is a high precision displacement
meter using a confocal principle which will be described
below. The laser focus displacement meter makes it
possible to measure a spot as small as 7 µm. That is,
the measurement of the roughness of the surface
(height of projections and depressions) is made possi-
ble in the embodiment, because the measurement of a
spot as small as 7 µm is possible.
[0022] Next, a principle of the laser focus displace-
ment meter will be explained referring to a drawing. Fig.
1B shows the principle of the laser focus displacement
meter.
[0023] In the laser focus displacement meter, a laser
beam emitted from a laser beam source 21 (a semicon-
ductor laser, for example) travels through a vibrating
lens 23 vibrated by a tuning fork 22 and an objective
lens 24 and reaches a target TG, as shown in Fig. 1B.
The laser beam reflected by the target TG reaches a
pinhole PH through a half mirror 25. When the laser
beam focuses on the target TG, the laser beam con-
verges to a point at the pinhole PH. This is called the
confocal principle.
[0024] When the laser beam converges to the point
at the pinhole PH, a light receiving element 26 detects
the converged light. And a position detection sensor 27
detects a distance between vibrators of the tuning fork
22 at that moment. Since a position signal detected with
the position detection sensor 27 corresponds to a posi-
tion of the vibrating lens 23, a focal length of the vibrating
lens 23 can be found from the position signal. The dis-
tance between the laser beam source 21 and the target
TG can be found based on the focal length of the vibrat-
ing lens 23.
[0025] Next, variations in the roughness of the surface
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of the polishing pad 11 measured with the optical meas-
urement device of Fig. 1B are shown in Figs. 2A and 2B.
Figs. 2A and 2B are graphs showing the roughness of
the surface of a portion of the polishing pad 11 before
and after dressing. The horizontal axis of the graphs in
Figs. 2A and 2B corresponds to a relative distance [in
arbitrary unit] within the measured spot (scanning sec-
tion), while a vertical axis of the graphs corresponds to
the roughness of the surface [in µm].
[0026] Fig. 2A shows the roughness of the surface of
the polishing pad before dressing. The surface rough-
ness, which is defined as the difference between the
maximum value and the minimum value of the meas-
ured surface heights (difference between the maximum
height of the projections and the minimum height of the
depressions) within the measured spot (the scanning
section), is about 17 µm, as shown in Fig. 2A. On the
other hand, the surface roughness is about 42 µm, as
shown in Fig. 2B. That is to say, the roughness of the
surface (height of the projections and depressions on
the surface of the polishing pad 11) before and after the
dressing can be measured quantitatively by the optical
measurement device 20.
[0027] Experiments with the apparatus shown in Figs.
1A and 1B showed that the change in the roughness of
the surface measured with the optical measurement de-
vice 20 depends on the dressing time at first and be-
comes almost negligible beyond a certain point of time
in the dressing. Next, a correlation between the dressing
time and the surface roughness (the maximum varia-
tion) will be explained referring to Fig. 3.
[0028] Fig. 3 shows a correlation between the surface
roughness and the dressing time. The horizontal axis of
Fig. 3 corresponds to the dressing time [in min.], while
the vertical axis corresponds to the surface roughness
[in µm]. The roughness of the surface is measured with
the optical measurement device 20, as in the case of
Figs. 2A and 2B.
[0029] Circular dots plotted in Fig. 3 denote data
measured at a point 1 on the polishing pad 11, while
triangular dots plotted in Fig. 3 denote data measured
at a point 2 on the polishing pad 11 which is different
from the point 1. Each curve in Fig. 3 is a characteristic
curve obtained from the dots plotted for each set of the
points.
[0030] As seen from Fig. 3, the surface roughness at
each point increases until the dressing time reaches 4
minutes. On the other hand, the surface roughness does
not practically change beyond the 4 minute point and
remains almost a constant value. The dressing should
be stopped when the surface roughness reaches this
value, since the surface roughness does not change for
further continuation of the dressing. That is, the dressing
time at which the surface roughness reaches this satu-
ration (4 min. in this experiment) can make an optimum
endpoint of dressing.
[0031] It is also found according to the experiments
that the etch rate and uniformity within the surface of the

wafer (hereafter referred to as surface uniformity) in pol-
ishing the wafer using the polishing pad 11 dressed for
the dressing time shown in Fig. 3 correspond to the
change in the surface roughness shown in Fig. 3. Next,
the correlations between the dressing time and the pol-
ishing rate or the surface uniformity will be explained
referring to Fig. 4.
[0032] Fig. 4 shows the correlations between the
dressing time and the characteristics (the polishing rate
and the surface uniformity) in polishing the wafer using
the polishing pad 11 dressed for a corresponding dress-
ing time. The horizontal axis of Fig. 4 corresponds to the
dressing time [in min.]. The left vertical axis of Fig. 4
corresponds to the polishing rate [in nm/min] in polishing
the wafer using the polishing pad 11 as a function of the
dressing time. And the right vertical axis of Fig. 4 corre-
sponds to the surface uniformity [% (one sigma)] within
the wafer. The wafer polished with the polishing pad 11
in this experiment includes P-TEOS (plasma TEOS).
[0033] As seen from Fig. 4, the polishing rate and the
surface uniformity in polishing the wafer vary as a func-
tion of the dressing time (time taken for dressing the pol-
ishing pad 11 after polishing the wafer). The changes in
both characteristics are large up to 4 minute dressing
time, and becomes less pronounced beyond the 4
minute point.
[0034] There is also a correlation between the surface
roughness of the polishing pad 11 and the surface uni-
formity from measurement results shown in Fig. 4. Fig.
5 shows this correlation between the surface uniformity
and the surface roughness. The horizontal axis of Fig.
5 corresponds to the surface roughness [in µm], while
the vertical axis corresponds to the surface uniformity
[% (one sigma)].
[0035] As shown in Fig. 5, the surface uniformity of
the wafer polished with the polishing pad 11 converges
around 3 to 4 % (one sigma) for 42 µm of the surface
roughness, which is the surface roughness at the satu-
ration (Refer to Fig. 3.).
[0036] The optimum endpoint of dressing can be
found by measuring the surface roughness of the pol-
ishing pad 11 and studying the results, as explained
above. Since the dressing time corresponds to the
change in the characteristics (the polishing rate and the
surface uniformity) in polishing the wafer, polishing the
wafer with desired characteristics (the polishing rate and
the surface uniformity) is also possible.
[0037] Next, a procedure to detect the optimum end-
point of dressing described above will be explained re-
ferring to a flow chart. Fig. 6 is the flow chart showing
the method to detect the optimum endpoint of dressing.
Dressing 50 shown in Fig. 6 denotes dressing made af-
ter the polishing pad 11 is mounted on the polishing table
10 for the first time or dressing made after polishing of
a wafer is completed.
[0038] The detection of the optimum endpoint of
dressing takes following steps as shown in Fig. 6.
[0039] First, the polishing pad 11 is dressed for a pre-
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determined time (1 min. for example) in step 50.
[0040] After dressing in step 50 is finished, the rough-
ness of the surface of the polishing pad 11 is measured
with the optical measurement device 20 shown in Fig.
1B in step 51. Here, the measurement of the roughness
of the surface is made at a predetermined location or at
a plurality of predetermined locations on the polishing
pad 11. The optical measurement device 20 is moved
to the predetermined location or locations by a prede-
termined action of the shifter 30. The measurement is
carried out in one scanning section at each of the pre-
determined locations and the surface roughness as de-
fined above is measured at the location.
[0041] Next in step 52, the characteristic curve, which
may be a straight line, is obtained by plotting the surface
roughness as a function of the dressing time. Here, the
increment in the dressing time is the same length of time
as the predetermined time in step 50.
[0042] Next, a gradient of the surface roughness as a
function of the dressing time obtained in step 52 is de-
termined. The gradient is determined by differentiating
the characteristic curve with respect to the dressing
time, for example. However, the method to determine
the gradient of the characteristic curve is not limited to
this. Other methods to determine the gradient of the
characteristic curve may be used instead. For example,
a gradient of a line segment connecting two points on
the characteristic curve may be used as the gradient of
the characteristic curve.
[0043] Then, whether the gradient of the surface
roughness versus dressing time characteristic curve de-
termined in step 53 reaches a predetermined gradient
(zero, for example) is judged in step 54. If the gradient
determined in step 53 is not equal to or does not surpass
the predetermined gradient, the steps 50 through 53 are
repeated. On the other hand, if the gradient determined
in step 53 is equal to or surpasses the predetermined
gradient, the dressing is stopped as further dressing in
step 50 is regarded unnecessary. That is, the point in
time when the gradient of the characteristic curve coin-
cides with or surpasses the predetermined gradient is
the endpoint of the dressing in this embodiment. Then
the next wafer is processed in a next process step which
is not shown in the flow chart. Although the predeter-
mined gradient is zero in this embodiment, the prede-
termined gradient is not limited to zero and may be some
other value.
[0044] Excess dressing can be avoided with this
method to detect the endpoint of dressing using the op-
tical measurement device 20 as described above. As a
result, it is made possible to suppress the increase in
cost and lost time in dressing, since the shortening of
the life of the polishing pad 11 can be suppressed.
[0045] Although the laser focus displacement meter
is used in the embodiment, this embodiment is not lim-
ited to the laser focus displacement meter. That is, the
optical measurement device 20 may be other optical
measurement device, as long as it can measure the

height of the projections and depressions on the polish-
ing pad 11 in a non-destructive manner.
[0046] In the embodiment, the shifter 30 can move the
optical measurement device 20 along a subtense on the
polishing pad 11, and move the device 20 in the direction
normal to the subtense. However, this embodiment is
not limited to this configuration. That is, the shifter may
have other construction and operation as long as it can
move the optical measurement device 20 to any location
on the polishing pad 11.
[0047] The laser focus displacement meter which can
measure the height of the projections and depressions
on the surface of the polishing pad is used as the optical
measurement device in monitoring the status of the pol-
ishing pad in the method to detect the endpoint of dress-
ing in this invention. The surface of the polishing pad
can be monitored non-destructively with this method.

Claims

1. A method of dressing a polishing pad, comprising:

- performing a first dressing (50) on the polishing
pad (11);

- performing a first measurement (51) of a sur-
face roughness of the polishing pad (11) using
an optical device (20) after the first dressing;

- performing a second dressing on the polishing
pad (11) after the first measurement;

- performing a second measurement of the sur-
face roughness of the polishing pad (11) using
the optical device (20) after the second dress-
ing; and

- determining a rate of change (52, 53) in the sur-
face roughness based on the first and second
measurements,

wherein a third dressing on the polishing pad (11)
is performed if the rate of change is larger than a
predetermined rate.

2. The method of claim 1, wherein the first and second
measurements (51) are performed as the optical
device (20) scans at least a portion of the polishing
pad (11).

3. The method of claim 1 or 2, wherein the optical de-
vice (20) comprises a laser focus displacement me-
ter.

4. The method according to any of claims 1 to 3,
wherein the first and second measurements (51)
comprise detecting a maximum height of projecting
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portions within an area of measurement of the pol-
ishing pad (11) and detecting a minimum height of
denting portions within the area of measurement.

5. A method of dressing a polishing pad, comprising:

- repeating a dressing of the polishing pad (11)
for a predetermined period and an optical
measurement of a surface roughness of the
polishing pad (11),

wherein the repeating is stopped when a rate of
change in the measured surface roughness is de-
termined to be smaller than or equal to a predeter-
mined rate (54).

6. An apparatus comprising:

- a polishing table (10);

- a polishing pad (11) mounted on the polishing
table (10);

- a dresser (12) dressing the polishing pad (11);

- an optical device (20) measuring a surface
roughness of the polishing pad (11); and

- a shifter (30) moving the optical device (20) to
a predetermined location on the polishing pad
(11).

7. The apparatus of claim 6, wherein the optical device
(20) comprises a laser focus displacement meter.

9 10
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